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AERODYNAMIC PROPERTIES OF A CALTEER 0.50 BULLL.
WTTH REFLEX BOATTAIL

ABSTRACT

The aerodynamic characteristics of a calider 0 "~ bullet with
reflex boattail and a modification of this design are presented and
discussed.




INTRODUCTION

Tt is a commonly mown fact that a projectile in supersonic flight
experiences a considerable increase in drag relative to its subsonic value,
In the past, many designs nave been suggested and tested with the common
hope ihat this supersonic drag could de reduced. It was with thia idea
that Mr. K. W. Horton of Watervliet Arsenal designed and tested®* the bul-
let shown in Figure 1.

The projectile consists of a one-calibes long cylindrical section
with symmetric nose and tail sections. The nose, or tail, section is formed
of portions of tvo ogives. The forward part of the nose 1s ~oncave and is
formed from the arc of a circle tangent to the axis at the tip of the nose,
A second counvex ogive, of different radius and centered on the perpendiculer
bisector of the model, completes the surface. This curve is tangent to the
forwvard and rear sections and secant to the cylindrical section, fore and
afrt.

Mr. Horton strongly felt that this design would greatly reduce the
drag of standard asmnmitions at supersonic velocities. The Ballistic Research
Laboratories was asked by the Patent 8Section at the Springfield Arsenal for
an evaluation of Mr. Horton's claims.

Cince the wecifications of redii in Pigure 1 414 not give a seooth
Junction of the two circles, the radius of the larger circle wvas sligntly
altered for a proper tangency condition.

Models of the Hortom projectile were manufactured according to Figure 2A
and fired through the Aerodynsmics Renge from & 0.50 caliber.1/30 twist .gun, ™ -
main cbjective of these firings was to determine vhether or not the drer~ ~¢
the Horton Projectile was sudstantially lover than the drag of standard
smmll arns esmmmition.

* The tests vere of an indirect nature and 414 not irvolve measurement of
the drsg or retardation. Basically, inferences vere drawvn from differences
in drop of the nev and the 6ld bullets as measured at various ranges, at
best, a very delicate procedure.




The results of ihese firings will be more fully discussed later in this
vaper, but in essence, they reveal that the drag of the Horton projectile is
‘onsiderably higher than the drag of the more conventional projectiles fired
1t supersonic velocities (Fig. 6).

An exariration of the pnotographic plates, however, did reveal interéat-

ing after-body flow chearacteristics, i.e., very small wake diameter, (Fig. 3)
shich varranted further investigation. As a result, a nev projectile (Fig. 2B)
718 manufactured converting the nose to the propzr cecant ogive with a rounded
ip to insure a minimm head drag for the Horton's head length*., The tail
section remained the same except for the removal of sbout 3/8 inch from the
end since the flow separated at this point. For purjoses of t.uis peger this
model vill be referred to as "Modified Norton”. Some physical propertiec

for both shell are tabulated in Tadble I.

The purpose of this program wvas twvofold: first, to study the drag as
compared to that of the more conventional sh-pes: and secondly, to observe
the effects on the remaining aerodynamic coefficients due to the reflex boat-
tailing. A spark photograph of one of these rounds is skown in Figure k.

Since the Horton rounds, being a part of a pure drag study, vere fired
at essentially zero yavw, it wvas desirable to produce yav on about half of
the Modified Horto- so that yav properties could de studied. Yaw wvas indu-
ced by attaching @ haif barr:l 1/2 inch long to the end of the gun tube.
Then as the shell emiszed from the gun, the pressure differential about the
round wvould csuse the model to yaw initially. This method perfcrmed success-
fully giving from 2 to 5 degrees of yaw. The results of both programs are
given in the remaining section of this report.

’

#*  The head length of the Modified Horton is too short in comparison
with some modern bullets. This, of course, is principally respcnaivie
for its high 4rag.




RESULTS

Drag
The drag force coefficient, KD’ wvas obtained from both programs by
fitting a cubic equation to the time-distance data for each round. KD was

reduced to zero yav by the relationship:

Bk e ®

vhere
KD = gero yav drag coefficient
0]

KD o = YAv drag coerficient
8

;5 = mean squared yawv.
A yav drag coefficient, KD 2 * 1.0 per radian squared, obtained at M = 2.k
)

wvas used for all the rounds tested.

Figure 5 compares the drag coefficients of the original and modified
Horton projectiles. Higher arag of the original arises largely as a result
of its peculiar head shape. In figure 6 these drag curves are further com-
pared, prizarily, <1%, the drag curves of other small caliber, body-engraved
projectiles.® The drag of the Morton projectile is higher than any of the
other configurations even the square-based, short-ogive, cal. 0.60 T32. The
drag of the mddified Horton is less than that of the Horton nrojectile and
the T32 but still greater than that of the boattailed, long-ogive, cal.

0.50 M8, Most of the drag difference between the M8 and the modified Horton
is probably accounted for by the short head length of the modified Horton."

Yaw

Standard yaw roductiom) were performed by fitting an epicyrle curve
to the yawing histories for those rounds for vhich there was sufficient yaw
to produce reliable aerodynamic coefficients. This procedure vas limited
mainly to the Modified Horton ™t included two of the Horton rounds. A
stmmary of these variocus coefficients are given in Tadle 2.



The overturning moment and the 1lift crefficients are given in Figure 7,
nlong with the center of pressure from the nose.

The yav damping mowcnt, KH - KMA’ and Magnus torque, KI" coefficients
are given in Figure 8. The Magnus torque is rather unusual, by becoming
large positive s0 early in the supersonic regime. The transition from nega-
tive to positive values, for boattailed projectiles, usually occurs at tran-
conic speeds. However, such early change of sign of K, may bte due to an
exceptionally steep boaitail angle of the order of l‘.'o.not usually encounter-
e3l in more conventional designs. Such behavior of the Magnus torque is
reflected in the yev dsmping rates shown in Figure 9. Large positive Magnus
torque adversely affects the damping of the precessionai mcue. Large noga-
tive Magnus torque of the original Horton design adversely affects its
nutational mode. Both of these effects »e shovn by the yav damping rates
in Pigure 9. Such dynamic instability is usually of a character vhich cannot
be eliminated by a resort to higher axial spins or steeper twist of rifling.
Both nrojectiles gyroscopically are amply stable in a twist of 1:30.

CONCLUSIONS

The proposed design ies unsatisfactory. It has considersbly higher drag
than more conventional small arms bullets. Alsc, at certain velocities, it
appears to be dynamically unstable at small yaws. The modified design suf-
fers, esg=niially, ©.'m the same 1lls. Although its head drag is considerably
lover than that of the original design, its drag is still considerably higher
than that of longer bullete in current use. It also suffers from the same
type of dynamic instability probably in virtue of its relatively steep and

long boattail.

FATRARD J. PIDDINGTON

< AR
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TABLES AND FIGURES

Table I - Average physical constants

Table II - Summary of various Aerodynamic Coefficients

Figure 1 - Drawving - Horton's design

Figire 2 - Drawving - Horton and Modified Horton

Figure 3 - Photograph - Horton

Ttgure 4 - Photograph - Modified Horton

Figure 5 - Kb versus Mach Number

Figure 6 - Drag comparison of various small arms bullet., v..sus
Mach number

Figure 7 - Kﬁ, Ki, and CPB versus Mach number

Figu : 8 - Kh - KHA and K& versus Yach .Lumber

Figure 9 - ll and 12 versus Mach tumber
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Horton

Modified
Horton

Weight
Craas

31.182

33.805

TABLE I

Average Physical Constants

Center of Oravity Mmegtl of Inertia
Calibers from Nose Axial gm-in“ Transverse gm-in
2.276 225 b, 594
1.662 893 5.798
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TABLE II

Summary of Various Aercdynamic Coefficients

Modified Horton

. 2 3 3
Round M KD S Kﬁ xlxlo xleo Kﬁ-KﬁA K& KL KN CPN
per foot (cal from
nose)
ni96  1.400 202 8.hh 8% €£.,60 -3.82 12 .24 LT .9 1.16

4595 1.923 .160 1.0 .819 4.76 3% 1,26 .04 .81 .97 1.2
y50k  2.130 .155 .36

k599 2.285 .151 25.47 .78 2.66 2.2% 1.15 -.03 .88 1.03 1.22
K601 2.408 .142 12.58 .752 2.13 2.55  1.10 -.05 .89 1.03 1.32
4589 2.470 .13% 121 .767

o2 2.538 .13% 8,20 .12 2.02 2.k 1.03 -.0b .86 .99 1.31
4600 2.549 .140 21.49 .729 2.kO 2.48 1.16 -.06 .90 1.0k 1.35
4597 2.968 .119 1.03

4590 3.150 .113 h.66 .700 2.80 1.37 .97 .01 .87 .98 1.34

Horton
433 1.57% 227
k38 1.908 .202
4388 2.080 .192
4387 2.145 .188 2.
K379 2.436 .173
4381 2.57k .167
438% 3.006 .16 2.46 .T2 -1.36  S5.hk T7 -.18 76 9
3383 3.21% .133 .70
4382  3.312 .152 15.88 .65 .31 k2 68 .12 .88 1.03

hyygehy

12
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HORTON PROJECTILE

e 45854 -
h——- 22927 ——
e 1.000-+

]

- - y - r
/
7 \
y 3.000 34533
34378
(A)
e ' 6250 }

MODIFIED HORTON PROJECTILE
\gswa e | 681 —-1 :

-
- # ! - ---:?
/-l 7324 |e

69273
(B) ) M|
:i- 9478 ~|
T 4.4738 -~

NOTE: All Dimensions are in Cahbers

1 FIG. 2



obi=I% OE-W NOLNOH

[ TR L LR V7Y N S e ST
-~ . :

&
& . -
.L.AV.‘...&‘.’.!IL.'.

.y I - s

>




A,

.1.,.‘-[‘

i .

8T Teledy IR,
Vet g R
AR

, ]
e Vs .

o




s

IR 11151 0

-y cedoes
: !

s

=1




DRAG COMPARISON OF VARIOUS
SMALL ARMS BULLETS
vs
MACH NUMBER

)

’ -
— g ——— e

CENGTH

A 7 .
TYPE [’N’.PA..‘.: X 4 g(“):AT CURAVE

- ""‘“r
HORTON |4.588 | 1783 | 1793 | 4 ——-4\“ T >___
- [

MODIFIED gy - :
HORTON |37 | 168 | 108 | ® { < S

BULLET, AP

\AL.0.50, M8 458 272 | 772 o 1 ——

ULLET, BALL \
\L.0.80,T32 |4.85 .64 0

3% ALL DIMENSIONS ARE IN CALIBERS

FiG. 6
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